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SUMMARY 

t ,  C i t r a t e - o x M o a c e t a t e  lyase  (EC 4.x.3.6 ) f rom Aeeobacter aev,~g'ene.; has  b een  
preps . red .  I t  was  h o m o g e n e o u s  w h e n  e x a m i n e d  in t h e  analyt i t :n l  u l t r a c e n t r i f u g e  and  
b y  fi'ee b o u n d a r y  e l ec t ropho re s i s .  

2. T~,,.: e f fec t s  o f  t e m p e r a t u r e ,  p r o t e i n  c o n c e n t r a t i o n ,  c y s t e i n e  and  u r ea  on t h e  
s t a b i l i t y  o f  the  p r e p a r a t i o n  h a v e  been  s tud i ed .  

3- T h e  d i f fus ion  coef f ic ien t  was  f o u n d  to  be 4 . I 6 .  xo -¢ c r n ~ e  -1 in t h e  r ange  o f  
p r o t e i n  c o n c e n t r a t i o n  f r o m  4 . 3 - 6 . 4  mg/rn l .  

4. A v a l u e  o f  s°ao, to --~ x6.z was  o b t a i n e d  for  the  .~edimenta t ion  coeff ic ient .  
5. A m o l e c u l a r  we igh t  o f  3x8 ono  w'a~ ob t ; t i ned  b y  t h e  s e d i m e n t a t i o n  di f fus ion 

m e t h o d .  A p p r o a c h - t o - e q , , i l i b r i u m  s tud i e s  led  to a "FitAo'r.'~AN plot  wh ich  g av e  a 
m o l e c u l a r  w e i g h t  o f  3 z 4  ooo.  

1NTROD[TCTIGN 

C i t r a t e - o x a l o a c e t a t e  lya~se ( c i t r a t e  ' ,yase, EC 4.x.3.6)  h a s  p r e v i o u s l y  been  k n o w n  as 
c i t r i d e s m o l a s e ,  c i t rase ,  c i t r a t a s e  or  c i t r a t e  a ldolase .  I t  is an  e n z y m e  t h a t  c a t a l y s e s  
t he  b r e a k d o w n  of  c i t r a t e  t o  o x ~ o - ~ c e t a t e  ~.,,~_ .~cet~te ~nd  r eq u i r e s  t h e  p resence  o f  
d i v a l e n t  m e t a l  ions  s u c h  as  Mg ~ .  I t  m a y  be  i n d u c e d  in Aerobacter aerogetws t,°', in 
Streptococcus faw.calisS, 4, or  in Eschericlt ia coli s,a. T h e  e n z y m e  has  b e e n  o b t a i n e d  in 
h i g h l y  pur i f i ed  c o n d i t i o n  f rom E. coli b y  BOWF.X AND SIVA V-e~AMAN?. a n d  frt)m 
A,  aerogenes b y  SIVA HAMAN 8. T h e  p re sen t  work  is c o n c e r n e d  w i t h  t im phy.~ical pro-  
p e r t i e s  o f  t h e  e n z y m e  f r o m  A. aeeogenes. 

MAI"E.RIAI.S AND METHODS 
E n z y m e  

C i t r a t e  l y a s e  was p r e p a r e d  as  d e ~ r i b e d  b y  S i v a  RAMA.~ a b u t  w i th  the  omiss ion  
o f  t h e  f irs t  a l u m i n a  C-~t-gel t r e a t m e n t .  T a b l e  I s u m m a r i s e s  t h e  r e su l t s  o f  a t y p i c a l  
p u r i f i c a t i o n  whi le  Fig. z shows  eke Sch l ie ren  p a t t e r n s  o f  t h e  c r u d e  s t a r t i n g  m a t e r i a l  
a n d  t h e  pur i f i ed  e n z y m e  w h e n  r u n  u n d e r  s imi la r  c o n d i t i o n s  in t h e  u l t r a c e n t r i f u g e .  
l ' h e  c r u d e  e x t r a c t  wh ich  wa~s t he  s t a r t i n g  m a t e r i a l  was an  e x t r a c t  in o .o3  M KFL~POa 
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TABLE I 

~ I d ~ I M A R ' K  O F  T Y P I C A L  P L I R I l C ~ g d A ' / I O . M  O F  C I I R A ' I  " ~  ] L ~ ' ~ S K  ~ R O M  . 4 .  g l ~ r ~ g ~ ' ~ ' ~  

Full detaiLa of method used &re given by SIvA R * a ^ s  ~. 

S ~  

f~l) (a.~lml) ~¢ieltmi~/me. (%1 
¢~,'a.¢;~) 

Crude ex~r~e.t 15o 6. 4 1.25 ioo 
Streptomycin treatment I5 ° 3.7 1.93 90 
Alum[aa C-y get and (NH~)sSO~ 

fracliou~tioa 4o : .85 ~ ~ -5 65 
Dio.lvsis o f  Concentrate z 9.0 ~'3 35 
Chromatography and ¢oneen- 

• ration I 6.7 46 27 

brought to p]-t 7 by the addi t ion of  5 M NaOH. This ex t rac t  wa~ prepared from the 
crushed bacterial  cells obtained by means of  a Hughes '  press and  had  been clarified 
at  x5 ooo × ~ for zo rain in the 8 v 50 ml rotor  of art M.S.E. centrifuge. The crude 
e x t r a c t  then  c o n t a i n e d  approx .  5 mlg o f  p ro te in  per  ml. I n  the  final s t age  o f  t he  
pur i f ica t ion  the  e n z y m e  was  e lu ted  f rom a c o l u m n  p a c k e d  w i t h  D E A E - c e U u l o s e  o v e r  
the  approxir~mte r ange  o.z5--o.25 M KHaPO~,  b r o u g h t  t o  p H  7-4 Ky the  a d d i t i o n  o f  
5 M N a O H  a n d  con t a in ing  x.6 mM MgSO~. T h e  e lua te  c o n t a i n e d  7 m g  o f  p ro t e in  in 
4 o m!  and  this was  c o n c e n t r a t e d  to  7 ,~. g /ml  b y  p rec ip i t a t i on  a t  ha l f -~a tu ra t ion  wi th  
a m m o n i u m  s u l p h a t e  a n d  re-d issolv ing  in the  buf fe r  chosen  for the  s u b s e q u e n t  
Fhys ica l  de t e rmina t ions .  

Fig. ~. Com~rison of crude ex~'aet and purifi.~t ~z, ym~ in the ultra~ntrifuge. Both pictures 
were taken after 4o rain at 50 7 4  ° rev./min. Bar angles 5o ° (a) and 4 °o (b). Crude extr~.ct (~) had 

protein coucerttration of 5 rag/m1 and purified citrate lya.~e {b) waa at 3 mg/ml. 

T h e  a c t i v i t y  o f  the  e n z y m e  was  d e t e r m i n e d  b v i n c u b a t i o n  o f  e x t r a c t s  a t  37 ° 
wi th  a solut ion c o n t a i n i n g  2o g/l  o f  t . , isodium c i tca te  d i h y d r a t e  a n d  5 g/l  KH~PO4 
buffered  to  p H  7 wi th  5 M N a O H .  This  c i t r a t e  tes t  m e d i u m  also c o n t a i n e d  z.6 m M  
MgSO~. P r o t e in  was p rec ip i t a t ed  by  the  a d d i t i o u  o f  an  e q u a l  v o l a m e  o f  co ld  x o %  
wlw t r i ch lo roace t i c  a,_'id and  the  ke to  ac id  c o n c e n t r a t i o n  in the  c lear  s u p e r n a t a n t  was  
d e t e r m i n e d  b y  the  m e t h o d  o f  FmEDEMA~S AND HAUGEN a. 

Pro te in  e s t ima t ions  were  m a d e  b y  the  m e t h o d  of  FOL,*. ~. AND CIOCALTEU TM as 
modi f ied  by  LOWRY, ROSI~BROUGH, FARR AND R A N D A L L  11 using crystall ized b o v i n e  
p l a s m a  a l b u m i n  as a reference pro te in .  
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Unless  o t h e r w i s e  s t a t e d ,  all  m e a s u r e m e n t s  w e r e  car r i ed  ou t  on the  e n z y m e  w h e n  
d i sso lved  in 0.03 M H H g P O ~  b r o u g h t  to  p H  7.o b y  ~he add i t i on  o f  5 M N a O H  a n d  
c o n t a i n i n g  z.6 m M  MgSO~. 

T h e  s t a b i l i t y  o f  t he  e n z y m e  w h e n  steered u n d e r  va~iou~ cond i t i ons  needs  spec ia l  
m e n t i o n  ~ n c e  • fall in a c t i v i t y  can  bc c o r r e l a t e d  " ~ t h  a d e c r e ~  "~n t]',c at  e-~ o f  ~-,¢ 
e n z y m e  p e a k  seen  in the  u l t r a c e n t r i f u g e  a n d  the  ap l~ -a rancc  of  a s lower  m o v i n g  
p e a k  w i t h  a s e d i m e n t a t i o n  cceff ic ient  o f  a p p r o x .  ~z S {Fig. z). E x t e n s i v e  m a n i -  
p u l a t i o n  o f  t he  e n z y m e  also ga~-e rise to  th is  s lower  ~ a k  a n d  in some  p r e p a r a t i o n s  
a sma l l  a m o u n t  o f  th i s  c o m p o n e n t  wa_,~ found .  T h e  bes t  p r e p a r a t i o n s  were  free f rom 
t h e  xz-S c o m p o n e n t  a n d  p r e p a r a t i o n s  c o n t a i n i n g  m o r e  t h a n  a few per  cen t  o f  it  were  
n o t  used.  

! . ~  ~ ~ . . . .  

l " i g .  2.  Ultracentrifuge Scblicren photograph showing pre~cnre of [ 2  S material on ~:xtensive 
degradation of citrate lya.~v. I'~rotein concentr-a, tion 5-5 mg/ml. Picture taken after 3 r~ n~i ~ ~t 

5o 740 rcv./min. ~ aX'.g!t..io'. 

A t  20 ° a e tbc i t y  fell b y  zoO, / in 5-5 h for  a ~olut ion c o n t a i n i n g  3 m g / m l  o f  p ro t e in  
b u t  b y  o n l y  5 %  o v e r  t h e  s a m e  t i m e  a t  4*. Cy~te ine  (lid no t  s t ab i l i ze  the  e n z y m e .  T h e  
pur i f i ed  m a t e r i a l  w a s  d e s t r o y e d  r a p i d l y  a t  55:  bu t  t he  a c t i v i t y  o f  t l ' e  e n z y m e  in the  
e t u d e  e x t r a c t  w a s  l i t t le  c h a n g e d  a f t e r  xo ra in  a t  th i s  t e m p e r a t u r e .  Di lu t ion  o f  the  
p u r e  e n z y m e  cau:~ecl a r a p i d  loss o f  a c t i v i t y  a n d  a t  20" a so lu t ion  c o n t a i n i n g  0. 4 m g / m l  
o f  p r o t e i n  Io6t all i t s  a c t i v i t y  in 2 h. 

S t o r a g e  a t  - -  x4 ~ w a s  a c c o m p a n i e d  b y  loss o f  a c t i v i t y  a n d  a so lu t ion  con t a in ing  
3 m g ] m l  o f  p r o t e i n  lo.~t h a l f  i t s  a c t i v i t y  a f t e r  4 weeks .  W e a k e r  so lu t ions  d e c a y e d  
m o r e  r a p i d l y .  O n  s t o r a g e  in the  frozen s t a t e  t he r e  was  init~ally a rise in a c t i v i t y  
be fo re  t h e  "later decay .  T h i s  effect  w~s al.~o o b s e r v e d  when  c r u d e  p r e p a r a t i o n s  were  
s to red .  

T r e a t m e n t  w i t h  5 M u rea  a t  p H  6 .5 -7 .o  caused  e x t e n s i v e  d e g r a d a t i o n  o f  the  
e n z y m e  t o  p r o d u c t s  w i t h  v e r y  low ~ e d i m e n t a t i o n  c t~f f ie ients ;  these  p r o d u c t s  were  
no t  i den t i ca l  w i t h  t h e  xz-S  m a t e r i a l  m e n t i o n e d  above ,  z M u r e a  caused  no b r e a k -  
d o w n  o f  t h e  e n z y m e  in 20 rain.  

E~t~opho~ ~sis 

ElecLrophere~s was carried out in the KerD appa~ttL~ II~ (Kern and Co., 
Aarau, Switzerland). Mobillties were not determined but were fairly low. After 
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1.25 h a t  4-3 V / c m  o n l y  a s ingle . , ,yrnmetrical  b o u n d a r y ,  wag o h t a i n e d  in a so lu t ion  
c o n t a i n i n g  o . I  5 M NaCi  a d d e d  to  t h e  bu f f e r  m e n t i o n e d  a b o v e .  A ~imi lar  r e su l t  w a s  
o b s e r v e d  a f t e r  z h a t  5.8 V / e m  in o . I  M N a H t P O  . so lu t ion  cor .caini , lg  L 6 m M  
.MgS04 b r o u g h t  to  p H  6.o ,.v~.th t h e  add;_tion o f  5 M N~C)H. In  b o t h  r u n s  t h e  s ingle  
p e a k  a c c o u n t e d  for  o v e r  9 5 %  o f  the  p r o t e i n  in the  cell. 

S e~t i m ¢ mt  a i  i o n  

Stud i e s  o n  sedi taen '~at ion  were  c a r r i e d  o u t  in a S p i n c o  Mode l  E u l t r a c e n t r i ' u g e  
e q u i p p e d  w i t h  r o t o r - t e m p e r a t u r e  i n d i c a t i o n  a n d  c o n t r o l  f a c i l i t i ~ .  P h a s e  plwte 
gch l i e r en  op t i c s  were  a v a i l a b l e  fo r  the  l a t e r  s t ages  o f  t h e  w o r k  wh ich  w e r e  m o r e  
p a r t i c u l a r l y  c o n c e r n e d  wi th  d e t e r m i n a t i o n  o f  t he  m o l e c u l a r  we igh t .  I n  each  e x p e r i -  
m e n t  r o t o r  speed.~ g iven  b y  o d o m e t e r  r e a d i n g s  a g r e e d  w i t h  se t  v a l u e s  to  w i th in  
o . 1 % .  At  rest  the  d i s t a n c e  f r o m  t h e  o u t e r  edge  o f  t h e  i n n e r  i n d e x  hole  t o  t h e  c e n t r e  
o f  r o t a t i o n  was  f o u n d  b y  d i r ec t  m e a s u r e m e n t  to  b e  5 .7x4 c m  which  a g r e e d  w i th  the. 
v a l u e  g ive  b y  BALDV.'ln ~4. R o t o r  s t r e t c h i n g  a t  s p e e d  w a s  d e t e r m i n e d  a s  desc,- ibed b y  
I~EGF. LES AND GUT. ER 15 a n d  w a s  o.~ 9 m m  a t  5 ° 74 ° r ev . / r a in .  

T h e  dia l  r e a d i n g  o f  t h e  r o t o r - t e m p e r a t u r e  i n d i c a t i o n  a n d  c o n t r o l  un i t  w a s  
c a l i b r a t e d  in t h e  usua l  m a n n e r  w i t h  t h e  r o t o r  a t  res t .  A check  w a s  p e r f o r m e d  b y  t h e  
d i p h e n y l  e t h e r  m e t h o d  w i t h  t h e  r o t o r  s p i n n i n g  t t  a n d  a t  2 9 4o0 r ev . /mi r t  t he  c a l i b r a -  
t ion  wa~ 0.92" h igh e r  t h a n  t h e  r e s t  v a l u e  a n d  a t  59 780 r e v . / m i n  i t  w a s  x . t 6  ° h igher .  
T h i s  d i sc repar tcy  ",,,'as r e p o r t e d  a n d  diseuse, ed  b y  BALD~.VltN ta a n d  his e x a m p l e  has  been  
fo l lowed here  b y  us ing  the  r e s t  va l ue .  

A two-dmxens iona l  t r a v e l l i n g  m i c r o s c o p e  (Pre:=ision G r i n d i n g  L td . ,  M i t c h a m  
j u n c t i o n  S u r r e y .  G r e a t  Br i t a in )  f i t t ed  w i t h  a p r o j e c t i o n  a t t a c h m e n t  w a s  u ~ d  for  
all m e a s u r e m e n t s  on the  p h o t o g r a p h i c  p la tes .  ARCHIBALD r u n s  ILtD w e r e  u s u a l l y  
ca r r i ed  ou t  a t  89oo r e v . / m i n  a n d  a t  th i s  speed ,  a n d  in t h e  buf fe r s  used ,  t h e r e  w a s  no  
d i f f icul ty  ex |>er ienced in r e s p e c t  o f  c u r v a t u r e  o f  t h e  b a s e  l ine.  All d e t e r m i n a t i o n s  
wex ,~ naad.e a t  t he  m e n i s c u s  s ince  a re l iab le  e x t r a p o l a t i o n  o f  t h e  r e f r a c t i v e - i n d e x  
g r a d i e n t  could  n o t  be  o b t a i n e d  a t  t he  cell b o t t o m .  CCI 4 was  u s e d  in a n  a t t e m p t  t o  
i m p r o v e  the  e x t r a p o l a t i o n  a t  t h e  cell  b o t t o m  b u t  i t  w a s  f o u n d  t h a t  t h e  e n z y m e  
b e c a m e  dev .a tu red  b y  th i s  t r e a t m e n t .  T h e  e r r o r  in  t h e  e x t r a p o l a t i o n  for  t he  g r a d i e n t  
a t  the  m e n i s c u s  w a s  r educed  b y  r u n n i n g  t h e  so tu t ions  a t  s u c h  s p e e d s  a n d  t i m e s  t h a t  
the  Sch~e ren  c t t rve  f l a t t ens  ou t  a t  t h e  meni~ :~% a~ s u g g e s t e d  b y  EHRENBERG 18. On 
a n a l y s ~  o f  t he  Schl ie ren  patter~L~ m e a s u r e m e n t s  w e r e  s t a r t e d  in t h e  c e n t r e  o f  t h e  
cell a n d  5 or  6 po in t s  were  e m p l o y e d  to  e s t a b l i s h  the  p l a t e a u  region.  A t  t h e  boun ,~a ry  
pos i t ion  s o m e  zo  p o i n t s  were  t a k e n  a t  i n t e r v a l s  o f  0.0 5 or  o .xo  m m  o v e r  t h e  l i nea r  
p o r t i o n  of  the  Schl ie ren  p a t t e r n ,  T h e s e  p o i n t s  were  p l o t t e d  on g r a p h  p a p e r  a n d  t h e  
bes t  line d r a w n  t h r o u g h  the  p o i n t s  t o  the  menLscus pos i t ion .  Va lues  f r o m  t h e  l ine 
were  t a k e n  at  su i t ab l e  i n t e r v a l s  to  g ive  p o i n t s  for  s u b s e q u e n t  c a l c u l a t i o n  in t h e  
m a n n e r  desc r ibed  b y  KIELEY A~ID HARRINGTON it'. B y  a p lo t  o f  (dcldx)l~x t,ers~ 

x(em)  =~.~e.=~, whe re  c is t h e  i n c r e m e n t  t o  t h e  i n d e x  o f  l"~fraction o f  t he  so lu t i on  con-  
t r i b u t e d  b y  t h e  so lu te  c o m p o n e n t ,  i t  w a s  f o u n d  t h a t  no  co r r ec t i on  w a s  neces saxy  
for  t h e  loca t ion  o f  m e n i s c u s  pos i t ion .  A s y n t h e t i c  b t m n d a r y  cell w a s  used  to  o b t a i n  
the  p r o F o r t i o n a l i t y  c o n s t a n t  b e t w e e n  c o n c e n t r a t i o n  a n d  a r e a  o f  Sch l ie ren  peak .  

S e d i m e n t a t i o n  coeff icients  we re  o b t a i n e d  u s u a l l y  a t  5o 74o r e v . / m i n  b u t  . the  
va~.ue. ~ o b t a i n e d  were  " n d e p e n d e n t  o¢ r o t o r  speed.  Most  o f  t h e  u l t r a c e n t r i f u g e  m s  
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w e r e  ca r r i ed  ou t  in the  p h t m p h a t e  buflrt-rr p r e v i o u s l y  describe~ }. b,Jt  the  add i t i on  o f  
o .x5 M NaCI  to  the  buf fe r  d id  n o t  a.ffect the  m e a s u r e m e n t s  which  were  all m a d e  a t  2o °. 

Diffusion 
Diffusio~ coeff ic ients  were  o b t a i n e d  in the  u i t r a c e m r i f u g e  a t  20 ° (refs. 22, 23). 

A s y n t h e t i c  b o u n d a r y  cell was  used  to  f o r m  the  .~harp in te r face  b e t w e e n  buf fer  a n d  
so lu t ion .  P h a . ~ - p l u t e  ~chEeren  p h o t o g r a p h s  were  t a k e n  o f  the  d i f fus ing  b - u n d a r y  
a n d  t h e  d i f fus ion  coel~cienL,~ were  c a l c u l a t e d  b y  the  a r e a - m a x i m u m  he igh t  m e t h o d .  
A z e r o - t i m e  co r r ec t i on  w a s  app l i ed  as  desc r ibed  b y  Sw~.~sso~ A.~D TKO~tWOX ~. At  
r o t o r  ~peeds  of  5 t o 2  r e v . / m i n  it  was  [)t}~sibh,~ to  neg lec t  b r o a d e n i n g  d u e  to  the  de-  
p e n d e n c e  o f  s e d i m e n t a t i o n  on c o n c e n t r a t i o n .  P r a c t i c a l  diff icult ies in the  f o r m a t i o n  
o f  s t a b l e  b o u n d a r i e s  p r e v e n t e d  the  use  of  runs  on p ro te in  c o n c e n t r a t i o n s  m u c h  
be low  4.3 mg/rnl .  

R E S ~ ' L T S  

Fig.  3 s h o w s  the  v ~ r i a t i o n  o f  t h e  s e d i m e n t a t i o n  coefficient  wi th  c o n c e n t r a t i o n ;  an  
e x t r a p o l a t e d  v a l u e  for  .s °an,,, o f  I6.2 was  t aken .  T h e  dif fus ion cfmfficients o b t a i n e d  

17' 

g 
ul 

14 

13 

.§ 

0 1 

En2yme c~ent ra t ic~  (re~ ~ , - ~ l r r ~ )  

Fig. 3- Concentration dei)endencc of the ~e'llmentation tx~efficient of citt--tto lya.~. 

a re  s h o w n  in T a b l e  I f .  S ince  t h e y  s h o w e d  no  o b v i o u s  t r e n d  w i t h  c o n c e n t r a t i o n  a n  
a v e r a g e  v a l u e  of  D;~.~ o f 4 . i 6 - x o  -7 c m  2 sec -1 w a s  t aken .  I t  was  ear l ier  po in t ed  ou t  
t h a t  r a p i d  d e c a y  se t  in w h e n  the  e n z y m e  was  dib~ted a n d  t h a t  m a t e r i a l  ~ d i m e n t -  
ing  a t  xz  S a p p e a r e d .  F o r  t h i s  r ea son  D va l u e s  o b t a i n e d  a t  low c o n c e n t r a t i o n s  m i g h t  
no t  re fe r  t o  t he  p u r e  ~ n z y m e .  A pa r t i a l  specific v o l u m e  of  o.73 w a s  a s s u m e d  as in- 
d i c a t e d  b y  KRAGH n ,  A p p l i c a t i o n  o f  the  s t d i m e n t a t i o n - d i f f u ~ i o n  e q u a t i o n  to  t h e  
r e su l t s  w h e n  us ing  s va luc~ a t  the  s a m e  c o n c e n t r a t i o n  r a n g e  a s  t he  D va lues  g a v e  a 
m o l e c u l a r  weight, o f  318 ooo. 

T h e  ARCHIBALD m e t h o d  1T,zs w a s  also used  to  d e t e r m i n e  t h e  m o l e c u l a r  we igh t  
a n d  a TRAiJTMAh" p lo t  ax o b t a i n e d  as desc r ibed  b y  JON=S, BABCOCK, TAYLOR AND 
SENTI t~. T h e  TRALTTMAN plo t  zt (Fig. 4) i nc luded  the  resu l t s  f r o m  6 r u n s  a t  d i f ferent  
c o n c e n t r a t i o n s  in the  r a n g e  f r o m  2 .6o-7 .43  m g / m l  o f  p ro te in .  T h e  d a t a  h a v e  been 

B~o~him, Biop~ys. Aaa,  67 (s~>3) 633-640 
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T A B L E  II  

% ' A L I J E 9  O F  T H E  D l l t F L L q ~ t T D I q  C O 1 ; ' I e l F I C I I ~ 4 T  O F  C I T R A T E  L Y A S E  

Ivrotein conce~tration 4 . 3  4.3, 5.5 5 • ..-5 b.4 
(mg/~nl) 

l)to,~. (cmssee - l  X lO ~) 4.26 3 .99  4-z7 4-04 4.~3 

normalised to the  higher  figure in the  range of concent ra t ion  quoted.  The points  
lay very  close to a s t ra ight  line so tha t  the  molecular  weight waz independen t  of  
concentra t ion over  the  range s tudied  and the  enzyme  was homogeneotLg. The  slope 
c~f the  plot  gave a molecular  weight value o f  3x4 ooo. The  average  of  I3 separa te  
de te rmina t ions  at  different concent ra t ions  within the above range gave an average  
molecular  weight of  3z4 (x~o with a s t anda rd  devia t ion of  -k x3 800. 

It. L .  I ! ~ 1 I ~ ~ 
o c ~  oc~ o6  om o~o ~ ~ ~ O ~  ~ o  ad,4 

(Co-CnOtan  8 (too p e ~ r ~ / r n l )  

Fig.  4 ~ T ~ ^ , r M ^ N  p lo t  of  a p p r o a c h - t o - e q u i L i b r i u m  d a t a  for  c i t r a t e  l yase .  D a t a  n o r m a l i s e d  a s  
d c s c r i b c d  in  t e x t .  

As a check on tile accuracy  of the methods  used a sample of  crystal l ized bovine  
plasma albumin wits used wi thout  a n y  special precaut ions to  ch,-'ck its pur i ty .  Only 
one experhnen t  was performed giving a value of  D,0.,¢ = 6 .45-zo  -7 cnl*sec - t  a t  a 
protein concent ra t ion  of  5 mg/ml  and a molecular  weight by  the ARCHIB^LD 
methodt~. ~ of  66 oocJ at  protein concent ra t ion  z4 mg/mL These values were in reason- 
able agreement  with values in the literaturea*.sT-t*. 

The form of  the concent ra t ion  dependence  of  s and  the  values ob ta ined  for the  
molecular  weight and diffusion coe~c i en t  would appear  to  suggest  t ha t  c i t ra te  
l y a ~  has a compact  and possibly near  spherical shape. 

DISCUSSION 

The  occurrence of a componen t  in crude bacterial  ex t rac t s  running  at  l z - x 3  S in 
the  ul t racentr i fuge was first r epor ted  by  BowE.~" AND DAGLEY a° and was shown to  

Bioehim.  IJiophys. Acfa,  67 ( I963)  6 3 3 - 6 4 o  
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a r i se  w h e n  c i t r a t e  l y r i c  wa.~ i n d u c e d .  I t  ~,-a~s l a t e r  f, m n d  t h a t  v a r i o u s  a d a p t i v e  
e n z y m ~  ran  very,  c lose  to  t h i s  pos t • ion  in t h e  u | t r a c e n t ~ i f u g e  p a t t e r n s ,  lqoxvEx AXO 
DAGLEY ~I r e p o r t e d  t h a t  o x a l o a c e t a t e  d e c a r b o x y l a s e  {EC 4.x.r.:~) f r o m  4 .  t terogenes 
s e d i m e n t e d  in th i s  reg ion ,  a n d  atl.~ the  g h x t a m a t e  ~tnd a rg in ine  d e c a r h o x y l a s e s  (r.e:;pec- 
t i v e l y ,  E C  4 . I . I . t 5  a n d  EC 4. t. I . I g )  as  well  as the  c i t r a t e  l ya se  f ron t  E .  coll. i)AGLEY 
A N D  SYKES *tt i~i ~ m o r e  e x t c n d e d  s t u d y  p r o d u c e d  m o r e  re f ined  va[ t tes  for  t h e  s e d i m e n t a -  
t i on  d a t a  a n d  a lso  s h o w e d  t h a t  f l -ga lac tos ida~e  (EC 3 . z . r . zx )  f r o m  E.  coli s h o w e d  
s i m i l a r  s e d i m e n t a t i o n  b e h a v i o u r .  A c h a r a c t e r i s t i c  f e a t u r e  o f  t he  l e ad ing  p e a k s  in an  
u l t r a c e n t r i f u g e  p a t t e r n  is t h a t  t h e y  are. l a rg e ly  c o m p o s e d  o f  t h e  b a c t e r i a l  r i b o s o m e s .  
H o w e v e r ,  BOWEN AND SIVA RAMAN ? pu r i f i ed  the  c i t r a t e  lya_~e f r o m  E.  ¢oli ttn<l f o u n d  
i t  t o  be. free of nuc le ic  acids:  it s e d i m e n t e d  a t  z6 S ms a r e su l t  o f  t h e  r e m o v a l  o f  the  o t h e r  
cell  c o m p o n e n t s  w h i c h  w e r e  p r e s e n t  w h e n  t h e  ea r l i e r  v a l u e s  o f  x z - r  3 S were  r e p o r t e d .  
SIVA RA.MAN a w a s  a b l e  to  p u r i f y  t h e  c i t r a t e  iyase  fronx A .  aerogenes  w h i c h  was  t h e  
s u b j e c t  o f  t h e  w o r k  r e p o r t e d  he re .  In  th is  c t m n e c t i o n  H o ,  X~rOI.FE Anr~ REITHEL aa 
q u o t e d  a v a l u e  o f  s=~a, , , -= t 6 . a 4  for  /~ -ga lac tos idase  f r o m  E. colt a n d  a m o l e t m l a r  
w e i g h t  o f  747  ooo  b u t  t h e y  aaso q u o t e t i  it v a l u e  o f  365 ooo  fo r  t h e  e n z y m e  f r o m  =! 
d i f f e r e n t  s t r a i n  o f  t h e  o r g a n i s m  rep<~rted per.,~mallx." t o  t h e m  b y  WALLENI~ELS. I t  
s e e m s  l i ke ly  t h a t  t h e  m o l e c u l a r  w e i g h t s  t)f the  b a c t e r i a l  i n d u c e d  e n z y m e s  m a y  be  
v e r y  s i m i l a r  a n d  t h e  f igure  o f  747 t ~ 0  m a y  b e  d u e  to  d i m e r i s a t u m ,  A c c o r d i n g  to  
WRIGHT a4 t h e  m o l e c u l a r  w e i g h t s  o f  e n z y m e s  fall intt~ 3 g e o m e t r i c  ser ies :  he p o i n t s  
o u t  t h a t  t h e  micro.~,omal m o l e c u l a r  w e i g h t s  a re  relatexi a p p r o x i m a t e l y  to  a g e o m e t r i c  
se r ies  s i m i l a r  t o  t h a t  d e . m r i b e d  for  e n z y m e s  ant i  h a s  t e n t a t i v e l y  .~uggested t h a t  t h e r e  
m i g h t  b e  a r e l a t i o n s h i p .  T h e  m o l e c u l a r  w e i g h t  he re  f o u n d  for  c i t r a t e  lyon= w o u l d  
fi t  i n t o  s u c h  a se r ies  a n d  t h e r e  a re  indication.~ t h a t  the  o t h e r  b a c t e r i a l  .~ttiltptive 
e n z y m e s  m a y  a l . ~  fit in as  t h e i r  m o l e c u l a r  w e i g h t s  b e c o m e  a v a i l a b l e .  
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